1. Introduction
===============

The widespread nature of antimicrobial resistance to current antibiotics has posed a serious threat to global public health \[[@b1-ijms-13-06189]\]. It has been shown that about 45 percent of isolates from patients in South Africa are resistant to treatment with penicillin, erythromycin, ampicillin, clindamycin, tetracycline and sulphonamides due to the quick adaptation of bacteria to new environmental conditions \[[@b2-ijms-13-06189]\]. The exposure of organisms to both exogenous and endogenous factors has been reported to generate a wide range of reactive oxygen species, resulting in hundreds of disorders in humans \[[@b3-ijms-13-06189]\]. To combat these challenges, researchers have discovered the use of medicinal plants as a strategy for the production of effective novel compounds to retard or alleviate the extent of oxidative deterioration \[[@b4-ijms-13-06189]\]. Medicinal plants remain the nature reservatory of biological active compounds with biochemical and therapeutic properties. These properties include antimicrobial and antioxidant compounds that are increasingly harnessed for human benefit \[[@b5-ijms-13-06189]\]. The majority of people, especially those living in rural communities, depend heavily on folklore medicine for their primary healthcare owing to their ready availability, relative safety and affordability over modern medicine \[[@b5-ijms-13-06189]\]. However, some of these plants have not been investigated for their medicinal purposes. In addition, the increasing use of plant extracts in food, cosmetics and pharmaceutical industries demands toxicity assessments to justify their continued therapeutic application.

*Curtisia dentata* (Burm.f.) C.A. Sm, locally named Assegaai (Afrikaans) and umLahleni (Xhosa, Zulu) in South Africa, belongs to the Cornaceae family. The plant is an attractive medium-sized tree with a dark bark that is fissured in square patches. *C. dentata* (CD) leaves are smooth, glossy and ovate, broadly elliptic and up to 10 cm in length \[[@b6-ijms-13-06189]\]. The flowers are small, with rounded to oval fleshy bitter berries that are about 10 mm in diameter, are white and turn red when ripe \[[@b7-ijms-13-06189]\]. Its distribution is mostly on the mountains, in the evergreen forests and along the margins of forests and grasslands of southern Africa. This plant is commonly found in the forests of Limpopo, KwaZulu-Natal, and the eastern and western Cape Provinces of South Africa \[[@b6-ijms-13-06189]\]. It is classified as vulnerable, declining, conservation-dependent in KwaZulu-Natal where the bark is traded annually as a special herbal mixture for the treatment of disease \[[@b7-ijms-13-06189]\]. In southern Africa, the stem bark of CD is used traditionally for the management of stomach ailments, diarrhea and as a blood purifier as well as an aphrodisiac \[[@b7-ijms-13-06189]\]. It is also used in the eastern Cape of South Africa for the treatment of heart-water disease in cattle \[[@b8-ijms-13-06189]\]. The plant was discovered recently as an alternative remedy for the management of obesity in the South Africa traditional medicine \[[@b9-ijms-13-06189]\]. Previous work reported the antifungal activity of the aqueous, acetone and ethanol extract of the leaves, twigs and stem bark of CD \[[@b10-ijms-13-06189],[@b11-ijms-13-06189]\]. The folklore medicine has been reported to act against some parasites and nematodes \[[@b6-ijms-13-06189]\]. Recent studies by Doughari *et al*. \[[@b12-ijms-13-06189]\] revealed the presence of some phytochemicals in various parts of the plant but this was not quantified. In addition, some compounds such as betulinic acid, ursolic acid and 2-alpha hydroxyursolic acid with antimicrobial properties have been isolated from CD \[[@b6-ijms-13-06189]\]. Different solvent systems of the extract have been tested against some organisms but there have been no reports in the scientific literature on the hydroalcoholic extracts considering the herbal preparation of this plant among users.

Therefore the present study was conducted to provide scientific data on the antibacterial and antioxidant properties of hydroalcoholic extracts from the CD stem bark. In addition, quantified phytochemical analysis and brine shrimp lethality test for preliminary assessment of toxicity was performed.

2. Results and Discussion
=========================

2.1. Phytochemical Components
-----------------------------

The quantitative phytochemical analysis of the hydroalcoholic extract from the *Curtisia dentata* stem bark is presented in [Table 1](#t1-ijms-13-06189){ref-type="table"}. Our data showed a high percentage composition of saponins (13.26 ± 0.01) followed by steroids (1.42 ± 0.01), while alkaloids and tannins had the same concentration of 0.51 ± 0.02. The results of total phenolic contents of the extract was found to be 14.86 mg of tannic acid equivalent expressed from the standard tannic acid curve: *Y* = 0.1216*x*, *R*^2^ = 0.93651. Total flavonoid was found to be 13.64 mg of the quercetin equivalent extrapolated from the standard quercetin curve: *Y* = 0.0255*x*, *R*^2^ = 0.9812. These phytochemicals are well known to perform different biological activities in medicinal plants including antimicrobial and antioxidant properties through various mechanisms of action.

The presence of tannins in CD extracts lend credence to the ethnomedicinal use of the extract in the treatment of various diseases. Several researchers have reported the importance of tannins for the prevention and treatment of cancer, treatment of ulcerated tissues, inhibition of lipid oxidation, antibacterial and amelioration of renal failure \[[@b13-ijms-13-06189],[@b14-ijms-13-06189]\]. Hence, the amount of this compound in the CD extract could support the antibacterial and antioxidant potential observed in this study. An alkaloid is one of the largest secondary metabolites in plants with potential to protect the cells against foreign organisms due to its toxic nature. This nature is responsible for the medicinal values of various plants used for the management of human cancer, anti-malaria, analgesic, antiseptic and bactericidal activities \[[@b15-ijms-13-06189]\]. The presence of alkaloids in CD extract could be a useful source to support the ethnomedicinal uses of this folklore medicine in the South Africa traditional system of medicine as herbal remedies. Saponins, responsible for most biological activities related to cell growth and division in humans \[[@b16-ijms-13-06189]\], were also present in CD extract and thus may be a potential source of anticancer agents. Steroidal compounds are of importance and play a vital role as antibacterial, antiviral and aphrodisiac agents \[[@b17-ijms-13-06189]\]. The presence of steroids in the extract could support the antibacterial properties observed in this study and its usefulness in the treatment of sexual dysfunction. It is not unlikely that these bioactive compounds found in *Curtisia dentata* are the reason for the antibacterial and antioxidant activities exhibited by CD.

Polyphenolic compounds such as phenols and flavonoids are important plant components with significant antioxidant activity and a wide range of biological activities including antibacterial, anti-inflammatory, analgesic and anti-allergic properties \[[@b18-ijms-13-06189]\]. These compounds have been indicated in several studies as free radicals scavengers against superoxide anion, lipid peroxyl and hydroxyl radicals and so highlights many of their health-promoting functions in organisms, which is important for prevention of diseases associated with oxidative damage of membranes, proteins and DNA \[[@b5-ijms-13-06189]\].

2.2. Ferric Reducing Power Activity
-----------------------------------

The reducing power of many plant extracts has been used to correlate their antioxidant potential \[[@b5-ijms-13-06189]\]. The antioxidant activity was determined based on the ability of the extract to transform Fe^3+^ to Fe^2+^ in a redox linked colorimetric reaction that involves an electron transfer \[[@b19-ijms-13-06189]\]. Iron (II) was then monitored by measuring the formation of Perl's Prussian blue at 700 nm. The extracts showed a good reducing power in a concentration dependent manner but significantly lower when compared with the standard drugs in this order; Vitamin E \> Vitamin C \> BHT \> extract ([Figure 1](#f1-ijms-13-06189){ref-type="fig"}). The antioxidative effects of the CD extract as shown in this study could be attributed to the presence of phenolic compounds with potential to donate electrons and to terminate radical chain reactions. A similar trend was observed by Oyedemi *et al*. \[[@b5-ijms-13-06189]\] in regard to the antioxidant property of hydroalcoholic extract from *Scotia latifolia* stem bark.

2.3. DPPH Radical Scavenging Activity
-------------------------------------

The *in vitro* scavenging potential of the plant extract against DPPH stable nitrogen centered radical was determined by measuring the changes in absorbance at 517 nm. The resulting decolorization of purple color to yellow is stoichiometric with respect to the number of electrons captured based on the concentration of the extract. The IC~50~ values for the extract, BHT and rutin were 0.017, 0.024 and 0.019 mg/mL respectively ([Table 2](#t2-ijms-13-06189){ref-type="table"}). Our results showed that the extract had a good DPPH scavenging property when compared with the reference drugs. A similar result was reported by Tural and Koca \[[@b20-ijms-13-06189]\] in regard to the free radical scavenging properties of *Corneus mas*, which belongs to the same family as *C. dentata*. Therefore, the data obtained from this study justified the ethnomedicinal use of this plant in the treatment of pathological disease emanating from oxidative stress.

2.4. ABTS Radical Scavenging Activity
-------------------------------------

ABTS is a compound frequently used in phytomedicine research to measure the antioxidant properties of plants for better elucidation of their biological properties. The radical is generated through the oxidation of ABTS to an intensely colored nitrogen centered cation by reacting with potassium persulfate for 12--14 h. In this study, the extract at various concentrations (0.0078 to 0.5 mg/mL) scavenged the radical in a concentration dependent manner. The IC~50~ values obtained for the extract (0.018 mg/mL) showed a comparable activity with the standard BHT (0.015 mg/mL) and rutin (0.016 mg/mL), which are derivatives of phenolic compounds ([Table 2](#t2-ijms-13-06189){ref-type="table"}). Our observations agreed with several scientific reports but contradicted that of Wang *et al*. \[[@b21-ijms-13-06189]\] who found that some compounds which inhibited DPPH\* did not show ABTS\* scavenging property. The present study demonstrated the capability of the plant extract to scavenge both radicals in different systems and thus suggest its usefulness as a therapeutic agent for the treatment of pathological diseases related to free radicals.

2.5. Nitric Oxide Scavenging Activity
-------------------------------------

Nitric oxide is an important cellular signaling molecule needed in low amounts to protect some vital organs in the human body, especially the liver and heart, from ischemic damage and blood pressure, respectively. The protective mechanism could be linked to the activation of the transcription factor in the iNOS gene expression as a response to inflammation \[[@b22-ijms-13-06189]\]. However, the over production of this chemical has been implicated in the pathogenesis of various physiological and pathological disorders such as carcinomas, juvenile diabetes, ulcerative colitis and arthritis \[[@b22-ijms-13-06189]\]. In this study, NO\* was generated from sodium nitroprusside in aqueous solution and it reacted with oxygen to form a nitrite and later peroxynitrite when combined with superoxide. The result of the scavenging capability of the CD extract against nitric oxide radicals is shown in [Table 2](#t2-ijms-13-06189){ref-type="table"}. The IC~50~ value for the extract, rutin and BHT were 0.052, 0.018 and 0.017 mg/mL, respectively. Our data demonstrated the extract as a potent scavenger of nitric oxide and as a result could be useful in the management of inflammatory reactions that are detrimental to human health.

2.6. Hydrogen Peroxide Scavenging Capacity
------------------------------------------

Hydrogen peroxide is an important reactive oxygen species (ROS) due to its ability to penetrate biological molecules. It is derived from a superoxide radical by the action of superoxide dismutase and is further reduced to a hydroxyl radical (OH\*) by the enzymatic action of glutathione peroxidase and catalase in the presence of iron or copper. The OH\* generated is an extremely reactive radical capable of damaging macromolecules such as membrane lipids, proteins and carbohydrates in the biological system \[[@b5-ijms-13-06189]\]. It has been reported to induce breakage in a DNA strand and chemical changes in the deoxyribose and nitrogenous base \[[@b5-ijms-13-06189]\]. Consequently, for a hydroxyl radical to be reduced in the body, there is a need for the excess hydrogen peroxide generated to be scavenged. The scavenging potential of the CD extract against hydrogen peroxide is presented in [Table 2](#t2-ijms-13-06189){ref-type="table"} using BHT and gallic acid as positive controls. *Curtisia dentata* extract had strong potential to eliminate hydrogen peroxide which is depicted with the IC~50~ value of 0.159 mg/mL but this is significantly low (*p* \> 0.05) when compared with BHT (0.096 mg/mL) and rutin (0.047 mg/mL). The present result showed that the CD extract has significant effect in neutralizing the harmful effect of hydrogen peroxide.

2.7. Lipid Peroxidation
-----------------------

Lipid peroxidation is one of the major outcomes of free radical-mediated injury to tissue. The oxidation of lipids alters the physicochemical properties of membranes, resulting in severe cellular dysfunction \[[@b23-ijms-13-06189]\]. Our study investigated the inhibitory potential of the *C. dentata* extract against lipid peroxidation using egg-yolk homogenates as lipid-rich media. The results obtained from this study showed the scavenging capacity of the extract, BHT and Gallic acid against lipid peroxidation with IC~50~ values of 0.06, 0.102 and 0.215 mg/mL respectively ([Table 2](#t2-ijms-13-06189){ref-type="table"}). The plant extract showed a capacity to deplete lipid peroxidation that is higher than that of standard gallic acid and BHT. It can be inferred from this study that the CD extract has the potential to play a crucial role in protecting the physicochemical properties of membrane bilayers from free radical-induced cellular dysfunction which could be adduced to the synergistic effect of the antioxidant compounds present in this plant.

2.8. Antibacterial Activity
---------------------------

The antibacterial activity of the 70% CD stem bark was tested against ten Gram positive and five Gram negative bacteria using agar dilution method. The MIC results summarized in [Table 3](#t3-ijms-13-06189){ref-type="table"} show that the crude extract had broad spectrum activity and was able to prevent the growth of the tested bacteria between the range of 5000 and 19.5 mg/L. According to the classification of Rios and Rico \[[@b24-ijms-13-06189]\] the crude extract of CD could be considered to possess significant (MIC \< 100 mg/L), moderate (100 \< MIC = 625 mg/L) or weak (MIC \> 625 mg/L) activity against the corresponding pathogens. The CD extract was found inactive against *B. pumilus* and *E. coli*. A significant antibacterial activity was observed against *E. faecalis*, *P. vulgaris*, *S. mercescens*, *S. aurues* OKI and OK3 with MIC value of 19.5 mg/L but had moderate activity against *B. cereus*, *P. aeruginosa* and *K. pnuemoniae* with MIC range from 156.2 to 312.5 mg/L.

The crude extract showed moderate antibacterial activity against multidrug-resistant (MDR) *S. aureus* strains with MIC values ranging from 256 to 512 μg/mL. SA-1199B is a multidrug-resistant strain that overexpresses the NorA efflux mechanisms with a high level of resistance to certain fluroquinolones. EMRSA-15 and EMRSA-16 are major epidemic methicillin-resistant *S. aureus* strains in the UK Hospitals \[[@b25-ijms-13-06189],[@b26-ijms-13-06189]\] and ATCC 25923 a standard laboratory strain. Norfloxacin was more active against these strains of bacteria than the crude extract with MIC of 0.5 to 128 μg/mL. However, being a natural product, the extract has been reported to be much safer than the antibiotics. The activity displayed by this extract against MDR strains suggests that CD extract may not be a substrate for the most resistance mechanisms to current antibacterial agents, considering the crude nature of the solvent extract used in this study. Early observation by McGaw *et al*. \[[@b9-ijms-13-06189]\] reported antibacterial activity of ethanol and aqueous stem bark extracts of the plant against *Bacillus subtilis* which was also confirmed in this study using the 70% ethanol extract. Our findings are comparable to data reported by Shai *et al*. \[[@b10-ijms-13-06189]\] who demonstrated a moderate inibitory effect of acetone stem bark extracts of the plant on *Pseudomonas aeruginosa* using microdilution method but contradict the MIC values obtained for *E. coli*, *E. faecalis* and *S. aureus*. The data obtained for *Proteus vulgaris* concurred with the report of Dulger and Gonuz \[[@b27-ijms-13-06189]\] on ethanol extracts of *Comus mas* (a member of the same family). The observed antibacterial activity against some bacteria could be explained by the presence of potentially active classes of secondary metabolites with a strong ability to penetrate or disrupt the multilayered structure of Gram negative bacteria ([Table 1](#t1-ijms-13-06189){ref-type="table"}). Compounds such as flavonoids, polyphenols, tannins, and alkaloids have been reported to possess antimicrobial properties and thus could be responsible for this observation \[[@b5-ijms-13-06189]\]. Our observation strongly suggests that *Curtisia dentata* can be an effective herbal remedy in the treatment of infections caused by these pathogens.

2.9. Brine Shrimp Lethality Test
--------------------------------

The brine shrimp lethality test is considered a convenient tool for the preliminary assessment of toxicity and the detection of fungal toxins in the test materials \[[@b28-ijms-13-06189]\]. A number of novel antitumour and pesticidal natural products have been isolated using this bio-assay. The extracts had no toxic effect against brine shrimp with LC~50~ values of 0.302 mg/mL compared to the reported standard cyclophosphamide \[[@b29-ijms-13-06189]\] and vincristine sulfate \[[@b30-ijms-13-06189]\] with LC~50~ values of 16.3 and 0.52 μg/mL respectively. Cytotoxicity test of betunilic acid and lupeol isolated from CD extract as reported by Shai *et al*. \[[@b6-ijms-13-06189]\] indicated toxic effect using Vero cells but showed otherwise using crude extract on brine shrimps assay ([Figure 2](#f2-ijms-13-06189){ref-type="fig"}). Although, the plant extracts were more active against tested bacteria, they exhibited very low toxicity against brine shrimps. This observation may suggest inherent selectivity of the extracts; hence, supporting its ethnomedicinal use for the treatment of bacterial infections.

3. Material and Methods
=======================

3.1. Plant Collection and Extract Preparation
---------------------------------------------

The stem bark of the CD was collected from the Amathole Mountain in the Eastern Cape Province of South Africa in April 2010. The plant was identified and authenticated by DS Grierson of the Department of Botany, University of Fort Hare. A voucher specimen (SUNMED) was deposited at the Giffen herbarium of the University. The bark was oven--dried at 50 °C for 14 days, pulverized and stored in an airtight container for further use. The powdered plant material (100 g) was extracted in 1 L of 70% *v*/*v* (alcohol:water) on a mechanical shaker (Labotec Scientific Orbital Shaker, SA) for 48 h. The extract was filtered using a Buchner funnel and Whatman No.1 filter paper. The filtrate was concentrated under reduced pressure at 40 °C to recover ethanol and was later air-dried in the fume hood to dryness. The yield after extraction was 14.28 g, which was later reconstituted in distilled water to give the desired concentrations needed for this study.

3.2. Bacterial Strains
----------------------

Bacteria isolates used in this study are reference strains obtained from the Applied and Environmental Microbiology Research Group (AEMREG), Department of Biochemistry and Microbiology, University of Fort Hare, Alice, South Africa. These bacteria were chosen for their pathological effects on humans and in the deterioration of food products. These included Gram^+^ bacteria: *Bacillus cereus* (10702), *Bacillus pumilus* (ATCC 14884), *Enterobacter faecalis* (KZN) and six Gram^−^ bacteria: *Proteus vulgaris* (KZN), *Serratia mercescens* ATCC (9986), *Acinectobacter calcaocenticus* (UP), *Pseudomonas aeruginosa* (ATCC 19582), *Escherichia coli* (ATCC 25922) and *Klebsiella pnuemoniae* (KZN). Also included were *Staphylococcus aureus* (OK1 and OK3) isolated from marines. Multidrug resistant *Staphylococcus aureus* SA-1199B and standard resistant strain ATCC 25923, EMRSA-15 and EMRSA-16 were obtained and tested in the Simon Gibbons's Microbiology Tissue Unit, UCL School of Pharmacy. The inoculums of the test organisms were prepared using the colony suspension method \[[@b31-ijms-13-06189]\]. The bacterial strains and isolates were grown at 37 °C overnight and maintained on nutrient agar and later standardized following the McFarland turbidity of 0.5 at 600 nm to achieve 5 × 10^5^ colony forming units per mL (CFU/mL).

3.3. Minimum Inhibitory Concentration (MIC) Determination of Bacteria
---------------------------------------------------------------------

The minimum inhibitory concentrations (MICs) of the antibiotics and plant extracts were determined using the standard method of the Clinical Laboratory Standards Institute \[[@b32-ijms-13-06189]\]. Dilutions of the antibiotics, ranging from 0.001--0.824 mg/mL in nutrient agar (Biolab), were prepared by incorporating the antibiotic stock solution into molten agar at 50 °C. Different concentrations of the extracts were prepared to final concentrations in the range of 5--0.05 mg/L. A volume of 1 mL from each dilution of the extract was mixed with 19 mL of molten sensitivity test agar (Biolab) at 50 °C and poured into sterile Petri dishes allowing the agar to set. The surface of the agar was allowed to dry before streaking with standardized overnight broth cultures of the test bacteria. Plates were incubated at 37 °C for 24 h under aerobic conditions. The MIC was defined as the lowest concentration of the antibiotic or extracts that completely inhibited visible growth of the test organism. The resistant strains of *S. aureus* were cultured on nutrient agar (Oxoid) and incubated for 24 h at 37 °C prior to MIC determination. A volume of 100 μL of sterile Mueller-Hinton broth (MHB: Oxoid) containing 20 mg/L and 10 mg/L of Ca^2+^ and Mg^2+^ respectively was dispensed into 10 wells of a 96 well microliter plate. The plant extract was dissolved in dimethylsulfoxide (DMSO) and further diluted in MHB to give a stock solution. A volume of 100 μL of the antibacterial agent stock solution (2.048 mg/L) was serially diluted into each well and then mix with 100 μL of bacterial inoculums to give a final concentration range from 512--1 mg/L. All procedures were performed in duplicate and the plates incubated for 18 h at 37 °C. 20 μL of a 5 mg/mL methanolic solution of 3-\[4,5-dimethylthiazol-2-yl\]-2,5-diphenyltetrazolium bromide (MTT; Sigma) was added to each well and incubated for 30min. A blue coloration indicated bacterial growth. The MIC was recorded as the lowest concentration at which no visible growth was observed.

3.4. Determination of Total Phenols
-----------------------------------

The amount of phenol in the CD extract was determined spectrophotometrically using the modified method of Zovko \[[@b33-ijms-13-06189]\] with the Folin-Ciocalteu reagent. An aliquot of the extract (1 mg/mL) was mixed with 5 mL Folin-Ciocalteu reagent (previously diluted with water 1:10 *v*/*v*) and 4 mL (75 g/L) of sodium carbonate. The tubes were vortexed for 15 s and allowed to stand for 30 min at 40 °C for color development. Absorbance was then measured at 765 nm using the AJI-C03 UV-VIS spectrophotometer. Results were expressed as mg/g of tannic acid equivalent.

3.5. Determination of Flavonoids
--------------------------------

The amount of flavonoids in the stem bark extracts was also determined by using the aluminum colorimetric assay method \[[@b5-ijms-13-06189]\]. A volume of 0.5 mL of 2% AlCl~3~ ethanol solution was added to 0.5 mL of the sample solution. After 1 h at room temperature, the absorbance was measured at 420 nm. A yellow color indicated the presence of flavonoids. Extract samples were evaluated at a final concentration of 0.1 mg/mL. Total flavonoid contents were calculated as mg/g of quercetin.

3.6. Determination of Tannin Contents
-------------------------------------

The tannin content was determined according to the method of AOAC \[[@b34-ijms-13-06189]\] with some modifications. A plant sample weighing 0.20 g was added to 20 mL of 50% methanol, vortexed vigorously and later incubated at 80 °C in a water bath for 1 h. The filtrate (0--10 ppm) of the sample after filtration was mixed with 20 mL of distilled water, 2.5 mL of Folin-Denis reagent and 10 mL of 17% aqueous Na~2~CO~3~. The mixture was made up to 100 mL with distilled water, mixed and allowed to stand for 20 min. A bluish-green color developed at the end of the reaction mixture. The absorbance of the tannic acid standard solutions and the sample was measured after color development at 760 nm. Results were expressed as mg/g of tannic acid equivalent using the calibration curve: *Y* = 0.0593 *x* − 0.0485, *R*^2^ = 0.9826, where *x* is the absorbance and *Y* is the tannic acid equivalent.

3.7. Determination of Alkaloids Contents
----------------------------------------

Total alkaloids contents were quantitatively determined according to the method of Harborne \[[@b35-ijms-13-06189]\]. A volume of 200 μL of 10% acetic acid prepared in ethanol was added to 5 g of powdered plant sample, covered and allowed to stand for 4 h. The filtrate obtained after filtration of plant sample was reduced to one-fourth of its original volume over a water bath. Concentrated ammonium hydroxide was added drop-wisely to the extract, pending the completion of precipitation. The whole solution was allowed to settle and re-filtered after washing with dilute ammonium hydroxide. The residue obtained was dried, weighed and the percentage composition was determined using the formula: % alkaloid = final weight of the sample**/**initial weight of the extract × 100.

3.8. Determination of Saponins Content
--------------------------------------

Saponins content was determined using the method of Obadoni and Ochuko \[[@b36-ijms-13-06189]\]. The plant sample (20 g) was added to 100 mL of 20% aqueous ethanol and kept in a shaker for 30 min. The samples were heated over a water bath for 4 h at 55 °C and then filtered to collect the residue which was later re-extracted with 200 mL of 20% aqueous ethanol. The extracts obtained were concentrated over a water bath at 90 °C to approximately 40 mL. The concentrate was transferred into a 250 mL separatory funnel and extracted twice with 20 mL diethyl ether. The ether layer was discarded while the aqueous layer was retained and to which 60 mL *n*-butanol was added. The *n*-butanol extracts were washed twice with 10 mL of 5% aqueous sodium chloride. After evaporation, the samples were dried in the oven at 40 °C to a constant weight. The saponins content was calculated using the formula: % saponin = final weight of sample/initial weight of extracts × 100.

3.9. Ferric Reducing Power
--------------------------

The reducing power of the CD extract was evaluated according to the method of Yen and Chen \[[@b37-ijms-13-06189]\] with a little modification. A volume of 1.0 mL of different concentrations (0.025--0.5 mg/mL) of extract, BHT, ascorbic acid and alpha tocopherol (Vitamin E) prepared in distilled water was mixed in the reacting mixture containing 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of K~3~Fe(CN)~6~ (1% *w*/*v*). The resulting mixture was incubated at 50 °C for 20 min, followed by the addition of 2.5 mL of TCA (10% *w*/*v*). After vigorous shaking, 2.5 mL of the solution was mixed with 2.5 mL of distilled water and 0.5 mL of FeCl~3~ (0.1%, *w*/*v*). The absorbance was measured at 700 nm against a blank sample (without extract).

3.10. DPPH Radical Scavenging Activity
--------------------------------------

The scavenging activity of the plant extract against DPPH^.+^ was done according to the method described by Liyana-Pathiranan and Shahidi \[[@b38-ijms-13-06189]\]. One milliliter of 0.135 mM DPPH prepared in methanol was mixed with 1.0 mL of various concentrations (0.0078--0.5 mg/mL) of extract, BHT or rutin. The reaction mixture was vortexed thoroughly and left in the dark at room temperature for 30 min. The absorbance of the mixture was measured at 517 nm. The ability of the plant extract to scavenge DPPH^.+^ was calculated by the equation: DPPH^.+^ scavenging activity = {(Abs~control~ − Abs~sample~)}/(Abs~control~} × 100 where Abs~control~ is the absorbance of DPPH^.+^ + methanol; Abs~sample~ is the absorbance of DPPH radical + sample extract/standard.

3.11. ABTS Radical Scavenging Activity
--------------------------------------

The ability of the CD extract to scavenge ABTS^.+^ was assessed using the method of Re *et al*. \[[@b39-ijms-13-06189]\]. The radical was generated by mixing two stock solutions of 7 mM ABTS and 2.4 mM potassium persulfate in the same ratio and allowing the solutions to react in the dark for 12 h at room temperature. The resulting solution was further diluted by methanol (1.0 mL of ABTS radical in 60 mL of methanol) to obtain an absorbance of 0.706 ± 0.001 units. Different concentrations (0.0078--0.5 mg/mL) of extract and standard drugs was allowed to react with the ABTS radical in the dark for 7 min and were later measured for absorbance at 734 nm. The percentage inhibition of ABTS^+^ by the extract or BHT or rutin was calculated and compared with the standard drugs using this equation. ABTS radical scavenging activity = {(Abs~control~ − Abs~sample~)}/(Abs~control~} × 100 where Abs~control~ is the absorbance of ABTS radical + methanol; Abs~sample~ is the absorbance of ABTS radical + sample extract/standard.

3.12. Nitric Oxide Scavenging Activity
--------------------------------------

The method of Ebrahimzadeh *et al*. \[[@b40-ijms-13-06189]\] was adopted to determine the scavenging activity of *C. dentata* against the nitric oxide radical. A volume of 2 mL sodium nitroprusside (10 mM) was prepared in 0.5 mM phosphate buffer saline (pH 7.4) mixed with 0.5 mL of plant extract or BHT or rutin at various concentrations (0.025--0.5 mg/mL). The mixture was incubated at 25 °C for 150 min. After incubation, 0.5 mL of the solution was withdrawn and mixed with 0.5 mL of Griess reagent containing 1.0 mL of 0.33% sulfanilic acid reagent prepared in 20% glacial acetic acid at room temperature for 5 min with 1 mL of napthyethylenediamine dichloride (0.1% *w*/*v*)\]. The mixture was furthered incubated at room temperature for 30 min followed by the measuring of the absorbance at 540 nm. The amount of nitric oxide radical inhibited by the extract was calculated using this equation: Nitric oxide radical scavenging activity = {(Abs~control~ − Abs~sample~)}/(Abs~control~} × 100 where Abs~control~ is the absorbance of Nitric oxide radical + methanol; Abs~sample~ is the absorbance of Nitric oxide radical + sample extract/standard.

3.13. Assessment of Lipid Peroxidation
--------------------------------------

The effect of the CD extract was evaluated on lipid peroxide formation with an egg yolk homogenate using a modified thiobarbituric acid-reactive species (TBARS) assay \[[@b23-ijms-13-06189]\]. The egg homogenate (0.5 mL, 10% in distilled water, *v*/*v*) and 0.1 mL of the stem bark extract of CD was mixed in a test tube and made up to 1 mL with distilled water. A volume of 0.05 mL of 0.07 M FeSO~4~ was added to the above mixture and further incubated for 30 min, to induce lipid oxidation. Thereafter, 1.5 mL of 20% acetic acid (pH 3.5), 1.5 mL of 0.8 % *w*/*v* TBA prepared in 1.1 % *w*/*v* sodium dodecyl sulfate and 0.05 mL of 20 % *w*/*v* TCA were added, vortexed and then heated in a boiling water bath for 60 min. After cooling, 5.0 mL of 1-butanol was added to each tube and centrifuged at 3000 rpm for 10 min. The absorbance of the upper layer solution was measured at 532 nm. For the blank, 0.1 mL of distilled water was used instead of the extract.

3.14. Brine Shrimp Lethality
----------------------------

A brine shrimp (*Artemia salina*) lethality bioassay was carried out to determine the preliminary cytotoxicity effect of the hydroalcoholic stem bark extract of CD \[[@b28-ijms-13-06189]\]. The eggs of the shrimp were purchased from an aquarium shop (East London, South Africa) and hatched in sea water for 24 h at 25 °C to mature shrimp called nauplii. The plant extract was tested at 5 to 0.625 mg/mL by dissolving 10 mg of the extract in 10% DMSO prepared in sea water. After incubation, 10 brine shrimp larvae were introduced into vials containing the plant extracts at various concentrations (0.001--1.0 mg/mL). After 24 h, the number of surviving shrimps at each concentration was counted using a magnifying glass. A vial containing 50 μL DMSO diluted to 5 mL was used as a control. The lethal concentration of extract resulting in 50% mortality (LC~50~) was extrapolated from the graph.

3.15. Statistical Analysis
--------------------------

Data were expressed as means ± SD (standard deviation) of three replicates and were statistically analyzed using one way analysis of variance (ANOVA). Means were separated by the Duncan multiple test using SAS. Values were considered significant at *p* \< 0.05.

4. Conclusions
==============

The present study revealed that 70% ethanol extract of *C. dentata* stem bark has selective antibacterial activity against tested bacteria without toxic effects. Strong antioxidant and free radical scavenging properties of CD extract suggested its use as a natural source of antioxidant and anti-aging factor to curtail progression of radical related diseases. The antibacterial activities of the extract against tested bacteria and MDR strains showed that it has potential to be used for the development of therapeutic agents for the treatment of infection caused by these bacteria. A further study to characterize the active principles and to elucidate the mechanisms of action of CD extract is needed to confirm its ethnomedicinal usage.
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###### 

Phytochemical analysis of hydroalcoholic stem bark extracts of *C. dentata*.

  Phytochemicals                                                          Amount         R^2^     Regression equation
  ----------------------------------------------------------------------- -------------- -------- ---------------------
  [1](#tfn2-ijms-13-06189){ref-type="table-fn"} Total Phenols (mg/g)      14.86 ± 0.05   0.9365   *Y* = 0.1216*x*
  [2](#tfn3-ijms-13-06189){ref-type="table-fn"} Total Flavonoids (mg/g)   13.64 ± 0.03   0.9812   *Y* = 0.0255*x*
  Saponins (%)                                                            13.26 ± 0.01   \-       \-
  Tannins (%)                                                             0.51 ± 0.02    \-       \-
  Alkaloids (%)                                                           0.51 ± 0.11    \-       \-
  Steroids (%)                                                            1.42 ± 0.12    \-       \-

Data are expressed as means ± SD; *n* = 3; Values along a row with different superscripts are significantly different (*p* \< 0.05). Mean with the same subscript in the same column are:

Expressed as mg tannic acid/g of dry plant materials

Expressed as mg quercetin/g of dry plant materials.

###### 

Antioxidant and free radical scavenging activity of hydroalcoholic extract of *C. dentata* stem bark.

  Free radical scavenging activity of *Curtisia dentata* (IC~50~ mg·mL^−1^)                                   
  --------------------------------------------------------------------------- ------- ------- ------- ------- -------
  *Curtisia dentata*                                                          0.017   0.018   0.052   0.159   0.06
  Rutin                                                                       0.019   0.016   0.018   0.047   \-
  BHT                                                                         0.024   0.015   0.017   0.096   0.102
  Gallic acid                                                                 \-      \-      \-      \-      0.215

Values are the mean of three replicates.

###### 

Minimum Inhibitory Concentration (MIC) of *Curtisia dentata* stem bark.

  Antibacterial activities of *C. dentata* extract                                                     
  ---------------------------------------------------------------------------------- ---- ------- ---- -----
  *Bacillus cereus* ATCC 10702                                                       \+   312.5   2    \-
  *Bacillus pumilus* ATCC 14880                                                      \+   5000    2    \-
  *Pseudomonas aeruginosa* ATCC 19582                                                −    312.5   8    \-
  *Serratia mercescens* ATCC 9986                                                    −    19.5    4    \-
  *Acinectobacter calcaocenticus* UP                                                 −    1250    2    \-
  *Klebsiella pneumoniae* KZN                                                        \+   156.2   2    \-
  *Proteus vulgaris* KZN                                                             −    19.5    4    \-
  *Enterobacter faecalis* KZN                                                        \+   19.5    2    \-
  *Staphylococcus aureus* OK1                                                        \+   19.5    4    \-
  *Staphylococcus aureus* OK3                                                        \+   19.5    4    \-
  *Escherichia coli* ATCC 14884                                                      −    5000    8    \-
  [†](#tfn6-ijms-13-06189){ref-type="table-fn"} *Staphylococcus aureus* 1199B        \+   512     \-   32
  [†](#tfn6-ijms-13-06189){ref-type="table-fn"} *Staphylococcus aureus* ATCC 25923   \+   256     \-   1
  [†](#tfn6-ijms-13-06189){ref-type="table-fn"} *EMRSA-* 15                          \+   512     \-   0.5
  [†](#tfn6-ijms-13-06189){ref-type="table-fn"} *EMRSA-* 16 (mecA)                   \+   512     \-   128

All MICs were determined in duplicate.

indicates resistant bacteria;

EMRSA: Extended methicilin resistant *Staphylococcus aureus*.
